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of other transcription factors in even
earlier steps of neural differentiation.
And lastly, does the same principle ap-
ply to ES cell differentiation pathways
other than neurogenesis (e.g., meso-
dermal differentiation)?
Nucleocytoplasmic shuttling of key
transcription factors is not unique to
ES cell differentiation; indeed, it is ob-
served in a number of cell types during
vertebrate and invertebrate develop-
ment (Goldfarb et al., 2004; Baranek
et al., 2005), suggesting that further
investigation of the nuclear transport
system may reveal unexpected regu-
latory roles for the importins and re-
lated factors at key differentiation
steps in many other aspects of tissue
development and maturation.
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Polar body formation in eggs proceeds through two extreme asymmetric divisions, requiring precise
coordination between spindle position and the polarized acto-myosin cortex. Two new studies
appearing in this issue of Developmental Cell implicate the small GTPases Ran and Rac in cortical
polarity of the mouse egg.The earliest and perhaps most physi-
cally asymmetric divisions in the life
of a mouse take place when the egg
forms two polar bodies, one following
each meiotic division (Figure 1). These
asymmetric divisions eliminate extra
sets of maternal chromosomes, pre-
paring the egg for the sperm-contrib-
uted DNA, while maintaining a sub-
stantial supply of maternal cytoplasm
in the egg. Prior to the meiotic divi-
sions, the oocyte nucleus is located
roughly in the center of the egg, and
the cortex has no apparent polarity.
As the meiotic spindle forms, it mi-
grates toward the egg cortex with
one pole leading themovement, taking
the shortest path to the cortex. As the
spindle approaches the egg periphery,
cortical polarity is established: the cor-
tical region overlying the spindle accu-174 Developmental Cell 12, February 200mulates actin, myosin, the conserved
polarity mediators Par3 and Par6,
and the small GTPases Rho, Rac,
and Cdc42, which are essential for po-
larity in a number of systems. This cor-
tical domain, the actin cap, is associ-
ated with only one spindle pole, and
thus spindle elongation during meiotic
anaphase moves one set of chromo-
somes toward the actin cap while the
other set of chromosomes moves
toward the egg interior. The actin cap
and the cortex-proximal set of chro-
mosomes are cleaved from the egg
by the constriction of a myosin ring,
completing the first asymmetric divi-
sion and forming the first polar body.
The chromosomes remaining in the
egg cytoplasm proceed through the
second meiotic division, during which
the meiotic spindle remains near the7 ª2007 Elsevier Inc.cortex and rotates ninety degrees.
Following anaphase, the actin cap
and a set of chromosomes are again
cleaved from the egg, completing the
second asymmetric division and form-
ing the second polar body (reviewed
in Brunet and Maro, 2005 and Sun
and Schatten, 2006). During these
two asymmetric divisions, it is essen-
tial that the actin cap is precisely
located over the chromosomes and
that the size of the actin cap is large
enough to encompass all the chromo-
somes while preserving as much as
possible of the maternal stores in the
egg.
How are spindle position and corti-
cal polarity spatially coordinated? In
many examples of asymmetric divi-
sions, such as mouse neural prog-
enitor cells, Drosophila neuroblasts,
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PreviewsFigure 1. Ran and Rac Mediate Distinct Aspects of Cortical Polarity and Asymmetric Cell Division in Mouse Eggs
The asymmetric divisions accompanying polar body formation in mouse eggs, from entry into the first meiotic division (left) to completion of the
secondmeiotic division (right). Cortical polarity establishment is indicated by formation of the actin cap, the differentiated region rich in actin, myosin,
and Cdc42 (additional components are discussed in the text). Ran is essential for actin cap formation, whereas Cdc42 regulates various aspects of
spindle function and position. The egg is the large circle, and polar bodies are smaller ovals. Chromosomes, blue dots; microtubules, green lines;
active Ran, yellow; actin-rich region, striped red line; myosin, red line; active Cdc42, pink line.C. elegans zygotes, and vegetative
Saccharomyces cerevisiae, cortical
polarity positions the spindle (re-
viewed in Betschinger and Knoblich,
2004 and Segal and Bloom, 2001).
Polar body formation in mouse eggs,
however, is thought to use a reversed
sequence to achieve asymmetric divi-
sion: the spindle positions cortical po-
larity (reviewed in Brunet and Maro,
2005 and Sun and Schatten, 2006).
The meiotic spindle, and specifically
the chromatin, appears to provide the
positional information required for po-
larizing the egg. Microtubules are not
required for cortical polarization, and
sperm chromatin alone can induce for-
mation of an actin cap. Furthermore,
cortical polarity does not require pre-
determined positional information:
scattered chromosomes are able to
induce actin caps at multiple sites
around the egg periphery.
In this issue of Developmental Cell,
Deng et al. (2007) provide important
functional insights into the nature of
the chromatin-derived signal. The au-
thors found that DNA-coated beads
can mimic the polarizing effect of mei-
otic chromosomes. The beads, as well
as the meiotic spindle, can establish
polarity over a distance, suggesting
a diffusible signal. The ability of the
DNA beads to induce cortical polarity
is highly dependent on two factors:
dose (bead number) and distance
(bead-cortex proximity), which may
provide both precision and flexibility
during polar body formation. The au-
thors have identified a strong candi-
date for such a chromatin-associated
diffusible signal. They found that the
small GTPase Ran is required for chro-matin-mediated polarity establish-
ment. Blocking Ran function by inject-
ing eggs with dominant-negative Ran
prevented actin cap formation. Ran is
required for nucleocytoplasmic traf-
ficking and chromatin-mediated spin-
dle assembly (reviewed in Clarke and
Zhang, 2001), although the latter func-
tion is separable from Ran’s role in
cortical polarity (Deng et al., 2007). In
Xenopus eggs and somatic cells, Ran
activity is maintained in a sharp gradi-
ent concentrated around chromatin
through differential localization of its
activating GEF and inactivating GAP:
RanGEF RCC1 is bound to chromo-
somes while the inactivating RanGAP
is uniformly distributed (Kalab et al.,
2006). Deng et al. (2007) suggest that
a gradient of Ran activity is also impor-
tant for polarity, as eggs injected with
constitutively active Ran fail to form
an actin cap. Thus, a Ran activity gra-
dient may provide the spatial cue for
cortical polarity establishment in
mouse eggs.
But what is the function of cortical
polarity in mouse eggs? Disrupting
the function of actin, myosin, Rho,
Rac, or Cdc42 prevents polar body
formation (Halet and Carroll, 2007; Ma
et al., 2006; Na and Zernicka-Goetz,
2006; and reviewed in Sun and Schat-
ten, 2006). However, with the excep-
tion of Rac, actin cap formation itself
is defective, making it difficult to as-
sess a downstream function of cortical
polarity. Now, Halet and Carroll (2007)
address this question and show that
Rac regulates the meiotic spindle dur-
ing polar body formation. Injecting
mouse eggs with dominant-negative
Rac prevents chromosome alignmentDevelopmental Cell 12during the first meiotic division and
prevents cortical anchoring of the spin-
dle during the second meiotic division.
Active Rac appears to be located ex-
clusively in the actin cap, suggesting
that cortical polarity may influence
both the function and position of the
spindle. Previous reports have re-
vealed a similar relationship between
Cdc42 and the spindle: active Cdc42
is restricted to the actin cap and is
required for spindle migration and
morphology (Ma et al., 2006; Na and
Zernicka-Goetz, 2006). Thus, the actin
cap appears to regulate spindle func-
tion and position through the activity
of two highly conserved signaling
molecules.
It seems that many asymmetrically
dividing cells rely on similar mecha-
nisms of asymmetric division but with
highly varied polarizing cues. The
asymmetric divisions accompanying
polar body formation in mouse eggs
arise from a spindle-derived cue that
determines cortical polarity and this
cortical polarity, in turn, influences the
spindle. New evidence described in
this issue (Deng et al., 2007) suggests
that the polarizing cue depends on an
activity gradient of the small GTPase,
but leaves several outstanding ques-
tions. The visualization of a Ran ac-
tivity gradient in mouse eggs would
strengthen the idea that Ran acts as
a diffusible signal. Likewise, it is not
clear whether a Ran gradient is suffi-
cient to induce an actin cap in mouse
eggs, and direct Ran targets at the cor-
tex have not been identified. In termsof
the down-stream functions of the actin
cap in mouse eggs, there is increasing
evidence for essential roles of the small, February 2007 ª2007 Elsevier Inc. 175
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PreviewsGTPases Rac and Cdc42 in mediating
spindle position. Again, many ques-
tions remain, such as identity of the
molecular targets of the GTPases and
the precise nature of their effects on
spindle positioning. Finally, determin-
ing to what extent such mechanisms
are shared between mouse eggs,
Drosophila neuroblasts, C. elegans zy-
gotes, and budding yeast cells, for ex-
ample, will be required to define the
general principles of cortical polariza-
tion and asymmetric cell division.Epigenetic Arbitra
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Epigenetic modifications of nucle
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fate determination at the 4-cell st
epigenetic instructions associated
In mammals, DNA methylation and
covalent modifications of the amino
terminal tails of nucleosomal histones
constitute the majority of epigenetic
modifications. Acetylation, methyla-
tion, phosphorylation, ADP ribosyla-
tion, and ubiquitination of core nucleo-
somal histones are thought to extend
the information content of the underly-
ing genetic code conferring unique
transcriptional instructions. The over-
all influence of these modifications
has been termed the ‘histone code’
(Nightingale et al., 2006; Strahl and
Allis, 2000), and these marks are par-
ticularly prevalent on lysine and argi-
nine residues. Epigenetic instructions
create a dynamic nuclear environment
that specifies transcriptional states
and comprises the essential compo-
nents of heritable cellular memory,
a hallmark of differentiation. However,
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In development, reconstitution of the
zygote upon fertilization marks the
state of ultimate totipotency. There-
after, subsequent cell divisions are
associated with a progressive restric-
tion in totipotency culminating in the
first differentiative events and the es-
tablishment of the two cell lineages of
the blastocyst, inner cell mass (ICM)
and trophectoderm (TE).
There has been a recent renewal of
interest in the possibility that cell fate
is not simply a random process.
Results of Zernicka-Goetz and col-
leagues have contended, not without
some controversy, that the timing and
positioning of the plane of cleavage of
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the first 2 cell divisions may be capa-
ble of influencing cell fate (Zernicka-
Goetz, 2006). In a simplified view, if
the division plane of the first dividing
blastomere is in a meridional position,
the progeny of this ‘‘M’’ blastomere
appears more likely to contribute to
the ICM than the TE. Investigation of
epigenetic marks potentially associ-
ated to this critical juncture have in-
cluded DNA methylation and several
histone modifications but have not re-
vealed a mechanistic link to cell fate
decisions in the early embryo (Dean
et al., 2001; Margueron et al., 2005).
In the current study of Torres-Padilla
and colleagues (Torres-Padilla et al.,
2007), the authors focus their attention
to the second cleavage division and
find that individual blastomeres differ
in their epigenetic make-up as early
as the 4-cell embryo.
